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Abstract
We construct a consistent self-coupling for the vector-tensor multiplet in N = 2
harmonic central charge superspace.
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The vector-tensor multiplet [1] is an alternative o-shell realization of the N = 2 massless
vector multiplet [2], in which one of the two physical scalar elds is converted into an
antisymmetric tensor eld. As a consequence, the vector-tensor (VT) multiplet possesses
N = 2 supersymmetry with an o-shell central charge generating the equations of motion.
The VT multiplet has recently received considerable interest, since it describes the dilaton-
axion complex of heterotic N = 2 four-dimensional string vacua [3].
In contrast to N = 2 vector multiplets, the consistent interactions for the VT multiplet
turn out to be much more restrictive and inevitably require the presence of Chern-Simons
forms. The Chern-Simons couplings of the VT multiplet to background N = 2 vector
multiplets have been classied, in the component approach, in seminal papers of Claus
et al [4, 5]. In essence, there exist two inequivalent versions whose specic features are
linear and nonlinear central charge transformations.
To fully understand the o-shell structure of the VT multiplet and its interactions,
a proper supereld formulation seems to be indispensable. By now, three constrained
supereld approaches to describe the VT multiplet have been developed. In the N = 2
central charge superspace, the VT multiplet can be realized as a constrained super 1-form
[6] or, equivalently, as a constrained super 2-form [7, 8]. Finally, the VT multiplet can
be described in harmonic superspace [9, 10]. In our opinion, the latter approach is most
advantageous, since the N = 2 harmonic superspace [11] is a universal framework for
general N = 2 super Yang-Mills theories and N = 2 supergravity. It is almost obvious
that an unconstrained supereld formulation for the VT multiplet may exist in harmonic
superspace only.
In the present paper we continue the research started in [10] and construct a consistent
self-interaction for the VT multiplet. This self-coupling is unique, modulo supereld
redenitions, and leads to nonlinear central charge transformations. The resulting model
is closely related to that describing the VT multiplet coupled to a background abelian
N = 2 vector multiplet via gauging the central charge [4]. For a constant background
vector multiplet (only the scalar elds have non-zero constant values and the other elds
vanish) the bosonic action obtained in [4] coincides with that corresponding to the self-
interacting VT multiplet. Therefore, our supereld constraints can be gauge covariantized,
maybe in a rather complicated way, to result in the VT multiplet with gauged central
charge.
A supereld strength describing the VT multiplet lives over the N = 2 central charge
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On technical grounds, however, it is convenient to work in the N = 2 harmonic cen-
tral charge superspace [11] which extends the above superspace by the two-sphere S2 =





+j u+i = u−i u
+iu−i = 1 : (2)
Now, the set of covariant derivatives involves in addition the harmonic derivatives
D = ui@=@ui D0 = u+i@=@u+i − u−i@=@u−i (3)
where D0 is the operator of U(1) charge [11]. If one changes the basis of covariant











the relations (1) turn into
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and the other anticommutators vanish.
To construct supersymmetric invariants in harmonic central charge superspace, one















and L++ is a supereld of U(1)-charge +2 subject to the constraints
D+L
++ = D+_L
++ = 0 D++L++ = 0 : (7)
The super Lagrangian can be equivalently rewritten in the form




for some u-independent superelds L(ij). The action is real if L++ is imaginary with
respect to the analyticity preserving conjugation [11], in particular Lij = −Lij .
The free VT multiplet is described by a real u-independent supereld L constrained
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D+ _L) : (11)
Only the former, however, describes the true Lagrangian of the VT multiplet, while the
latter leads to a total derivative in components, it generalizes the Chern form and contains
topological information only.
A consistent deformation of the constraints (9) reads









with  a real coupling constant of inverse mass dimension. The deformed analogs of (10)
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In contrast to the free case, the central charge transformations become highly nonlinear
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as a consequence of the constraints.
Let us comment on derivation of the constraints and their uniqueness. One could start
with a general Ansatz for the deformed constrains
D+D+L = a D
+
_L







where a and b are complex constants and c a real parameter. The parameters can not
be completely arbitrary, since we should guarantee the identity (D+)3L = 0 along with
the requirement that the two possible expressions for D+_ (D
+)2L derived from (16) and
(17) respectively must coincide. These requirements lead to the two non-trivial solutions
(there is also one trivial solution a = 0, b = c 6= 0 describing the free VT multiplet modulo
a supereld re-denition)
a = c = 0 b 6= 0 (18)
jaj = 1
2
b = c 6= 0 : (19)
There exist additional consistency requirements which have, however, more tricky and
deeper origin. The simplest way to see how they come from is to turn to the component
elds of L. The independent components elds can be chosen as
 = Lj D = @zLj
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In the free case, the elds Hm and F[mn] satisfy the constraints
@mHm = 0 "
mnrs@nFrs = 0 (21)




"mnrs@nBrs Fmn = @mVn − @nVm (22)
with the gauge 1-form Vm and 2-form Bmn being unconstrained. Therefore, any consistent
deformation of the free constraints must preserve the number of the o-shell degrees of
freedom. This is a strong requirement which the solution (18) does not meet. As to
the solution (19), it turns out to be compatible with the consistency requirement under
the additional restriction a = c. It is worth pointing out that the a-structure in (16) is
responsible for the Chern-Simons coupling at the component level. Without presence of
this structure the deformed constraints are physically inconsistent.
One could start with more general Ansatz for the deformed constraints, than we have
considered, namely with L-dependent coecients a, b, c in eqs. (16) and (17). But all the
solutions for such an Ansatz prove to be equivalent to those already encountered modulo
supereld re-denitions. Therefore, the constraints (12) describing the self-interacting VT
multiplet are unique.
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where we have introduced
m = 
imi Ψmn = −
imni + i ~mn
i (25)




















 Fmn Fmn "
mnrs@nFrs = 0 : (27)












Fmn = @mVn − @nVm : (28)
We see that the gauge elds interact via the Chern-Simons form.
Now, let us turn to the supersymmetric invariants generated by the super Lagrangians
(13) and (14). Similarly to the free case, L++der turns out to produce a total derivative in
components. Eq. (13) denes the Lagrangian of the self-interacting VT multiplet. Rather






































with m and Ψmn given in (25). If we re-dene the scalar elds by
 = e− D = e−D (30)
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This expression coincides with the bosonic action of the VT multiplet with gauged central
charge [4] for the case when the scalar elds of the background N = 2 vector multiplet
have constant non-zero values and the other elds vanish. Therefore, a supereld descrip-
tion of the VT multiplet with gauged central charge can be obtained by properly gauge
covariantizing the constraints (12) of the self-interacting VT multiplet. The naive covari-
antization of the constraints (12), which consists in replacing the flat covariant derivatives
by gauge covariant ones (with respect to local central charge transformations), is most
likely inconsistent and some non-minimal terms depending on the vector multiplet’s su-
pereld strengths should be added. This problem is now under investigation.
Of course, the main reason why any time we should carry out a complicated analysis
on consistency of the constraints lies in the fact that we work with constrained super-
elds. These problems would never have appeared if we had an unconstrained supereld
formulation for the VT multiplet. Only such formulations makes the supereld approach
much more powerful than the component one. Similarly to the Fayet-Sohnius hypermulti-
plet, unconstrained supereld formulation(s) for the VT multiplet could exist in harmonic
superspace only. Finding such a formulation seems to be one of the urgent problems of
supersymmetric eld theory.
After this work had been reported at the 31st International Symposium Ahrenshoop on
the Theory of Elementary Particles in Buckow we became aware that similar results were
independently obtained by E.A. Ivanov and E. Sokatchev [14].
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